A new “closed” in situ vein bypass technique results in a reduced wound complication rate  by van Dijk, L.C. et al.
Eur J Vasc Endovasc Surg 10, 162-167 (1995) 
A New "Closed" In Situ Vein Bypass Technique Results in a 
Reduced Wound Complication Rate* 
L.C. vanDijk l'2,H.vanUrk 1,N,A.J . J .duBois ~,T.I.Yo 3,J.Koning 4,W.B.J. Jansen 4and 
C. H. A. Wittens s 
1Department of Vascular Surgery and 2Dep. of Radiology, University Hospital Rotterdam "Dijkzigt", Rotterdam, 
3Department of Surgery, St. Clara Hospital, Rotterdam, ~Department of Surgery, Reinier de Graaf Hospital, Delft and 
Department of Surgery, St. Franciscus Hospital, Rotterdam, The Netherlands 
Objectives: This prospective randomised multicentre trial was conducted to test whether anew "closed" technique for in 
situ vein bypass would result in a lower frequency of wound complications, without negative ffects on patency rates and 
without an intolerable increase in residual arteriovenous fi tulae compared to the conventional "open" technique. 
Methods: We have developed a new "closed" technique using a co-axial catheter embolisation system for intra-operative 
coil embolisation ofside branches, in order to avoid long incisions. 
Patients: In four centres and 95 patients, 97 in situ bypasses were performed: 47 "closed" and 50 "open". Randomisation 
was stratified for below knee femoropopliteal bypasses (60) and femorocrural bypasses (37). Indications were disabling 
intermittent claudication (29), restpain (26) or ulcers and~or necrosis (42). 
Results: Postoperative mortality was 2% (one in the "closed" one in the "open" group). A total number of 16 (34%) 
wound complications (grade 1, 2 and 3) occurred in the closed group compared to 36 (72%) in the open group (p < 0.05). 
Deep wound complications (grade 2) occurred in six patients (I3%) of the "closed" group, compared to 15 (30%) in the 
"open" group. In both groups, three patients (6%) developed deep wound complications including the bypass area (grade 
3). In the "closed" group, 20 patients needed additional treatment for arteriovenous fi tulae, compared tofour in the "open" 
group. One-year patency rates did not show a statistically significant difference: primary patency rates were 65% and 61% 
and secondary patency rates were 86% and 76% respectively for the "closed" and "open" group. 
Conclusion: These results indicate that a "closed" technique r duces wound complication rate, without negative ffects on 
the short term patency rates. The "closed" technique r sults in an increased number of postoperative tr atments for residual 
arteriovenous fi tulae. 
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Introduction 
Using the in situ vein bypass technique, one long 
incision or several short incisions are necessary in 
order to ligate the side branches of the greater 
saphenous vein, not infrequently leading to wound 
healing problems. As previously reported, 1 we have 
developed a new "closed" in situ bypass technique, 
using a co-axial catheter embolisation system for 
intraoperative coil embolisation of the side branches 
of the vein, obviating the need for one long, or 
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multiple short, skin incisions. Our pilot study showed 
a wound complication rate of 50% (13% major, 37% 
minor) compared to Reifsnyder et al. who found a 
wound complication rate of 44% after conventional in
situ bypass operations. 2 We wondered whether the 
reasons for this failure to reduce the wound complica- 
tion rate was that the peroperative mbolisation 
procedure had a long learning curve. To test our 
hypothesis that this new technique would indeed 
result in a lower wound complication rate without a 
negative effect on patency rates and without an 
intolerable incidence of postoperative r sidual arter- 
iovenous fistulae, we conducted a multi-centre pro- 
spective randomised trial to compare the new 
"closed" technique with the conventional "open" 
technique. 
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Patients and Methods 
In four centres and 112 patients, 114 limbs were 
preoperatively randomised: 57 to the new "closed" 
technique and 57 to the "open" technique. Patients 
were randomised after informed consent was 
obtained. Criteria for randomisation were: lower 
extremity atherosclerotic disease resulting in disabling 
claudication, restpain or ulcers/necrosis for which an 
in situ bypass was planned. Stratification was done 
within centre and randomisation was stratified for 
below knee femoropopliteal bypasses and femoro- 
crural bypasses. Peroperatively 17 operations were 
converted to other procedures, resulting in 97 in situ 
bypasses that could be analysed: 47 "closed" and 50 
"open" (60 femoropopliteal nd 37 femorocrural). 
Table 1. Patient characteristics 
"Closed" (n = 47) "Open" (n = 50) 
Male/female 72%/28% 62%/38% 
Age 71 72 
Diabetes 15% 28% 
Smoking 53% 36% 
Hypertension 30% 30% 
Ischaemic heart disease 30% 30% 
Fontaine II, III, 1V 36, 24, 40% 26, 28, 46% 
"Redo" - procedures 13% 6% 
Patient characteristics are summarised in Table 1. 
There were 64 men and 31 women with a mean age of 
71 (range 51-93 years). Indications were disabling 
intermittent claudication (29), restpain (26) or ulcers 
and/or necrosis (42). The risk factors and indications 
distribution between both groups was not statistically 
significant. 
Patients receiving the "closed" technique were 
operated as described in the pilot study of Wittens et 
alJ. After exposure of the artery and vein below the 
knee and in the groin, the proximal anastomosis 
between the greater saphenous vein and a femoral 
artery was performed. The first side branch was 
preserved to hold an introducer sheath for the 
embolisation catheter. A blind valvulotomy was per- 
formed via the incision for the distal anastomosis 
using a variable valvecutter (Cook@). This valvecutter 
was advanced up to the groin and gradually pulled 
back, allowing arterial flow along the disrupted 
valves. This procedure was repeated with the valve- 
cutter otated over 90 ° . Subsequently the distal anasto- 
mosis was made. A coaxial embolisation catheter 
(Cook@) was advanced over a guide wire via the side 
branch. Using fluoroscopy and half diluted contrast, 
the side branches were identified and subsequently 
coil embolised, beginning distally and ending 
proximally. 
During the "open" technique, the greater saphenous 
vein was exposed over the entire length needed for the 
bypass via one long incision. Valvulotomy was per- 
formed under vision and the side branches were 
clipped or ligated. At the end of the procedure a 
completion angiogram was made. All skin incisions 
were closed with staples. The sites of the distal 
Table 2. Distal anastomsis 
"Closed" (n = 47) "Open" (n = 50) 
Below knee popliteal 26 (55%) 29 (58%) 
Tibeoperoneal 3 (6%) 1 (2%) 
Anterior tibeal 4 (8%) 8 (16%) 
Posterior tibeal 11 (23%) 8 (16%) 
Peroneal 3 (6%) 4 (8%) 
anastomoses is shown in Table 2. 
Wound observations were performed aily by the 
senior house officer and regularly by the staff surgeon. 
Beside these observations a second wound inspection 
was performed by the Infection Control Practitioners 
of the Departments of Hygiene and Infection Control. 
Wound complications were classified according the 
grades described by Szilagyi et al.3: grade 1: super- 
ficial, involving the dermis; grade 2: also including the 
subcutis and deeper layers, but not the bypass area; 
grade 3: deep, including the bypass area. Wound 
complication sites were defined as follows: groin 
(proximal anastomosis site), upper leg, lower leg (not 
the distal anastomosis ite) and distal anastomosis 
site. After hospital discharge, wound inspection was 
performed uring visits to the outpatient clinics by the 
resident or the surgeon. 
Bypass patency and occurrence of open side 
branches or arteriovenous fistulae (AVF) was mon- 
itored by colour Duplex before discharge and at 
3-monthly intervals. 
Statistics 
The chi-squared test was used to calculate p-values for 
differences in wound complication rate and the 
Kaplan Meier method was used to estimate the 
probability of patency. Possible differences in patency 
rates were checked using the log-rank test. A p-value 
< 0.05 was considered statistically significant. 
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Results 
In 17 of the 114 randomised patients the planned in 
situ bypass was not performed. In 11 patients diameter 
of the greater saphenous vein was too small (< = 2 
mm). In five patients the planned proximal or receiv- 
ing distal artery was considered inadequate for anas- 
tomosis. One patient refused operation after random- 
isation. In the "closed" group 47 patients and in the 
"open" group 50 patients received an in situ bypass. 
Early postoperative mortality ( < 1 month) was 2%. 
One patient in the "closed" group died 5 days 
postoperatively after a major stroke. One patient in the 
"open" group died 2 days postoperatively of con- 
gestive heart failure during emergency surgery for a 
rupture of the proximal bypass anastomosis. One 
patient of the "open" group died 47 days post- 
operatively (7 days after discharge) because of a 
rupture of the bypass caused by a deep wound 
infection. Four patients died during follow-up of 
causes unrelated to the bypass surgery. 
In three patients (6%) peroperative complications 
were caused by the valvulotomy procedure during the 
"closed" technique. In one patient the valvecutter 
entered the deep venous system and caused valve 
damage of the superficial femoral vein. Up to now (2 
months postoperatively) this has not caused any 
symptoms. In two patients (4%) the valvecutter got 
stuck in a side-branch and had to be recovered by a 
separate incision and venotomy. This may have 
caused early graft occlusion in one patient. In three 
(6%) patients a 2 mm Hall valvecutter was used 
because of the small diameter (<2.5 ram) of the 
vein. 
In 47 "closed" in situ bypass operations 272 side 
branches were coil embolised (average of six per 
patient). In two (4%) patients none of the side 
branches could be coil embolised because the emboli- 
sation catheter could not be manipulated in the vein, 
due to its small diameter combined with spasm. In 
these cases side branches were ligated via small skin 
incisions. In three (6%) patients additional skin inci- 
sions were necessary, because these side branches 
could also not be coil embolised ue to the small 
diameter ( < 3.0 mm) of the greater saphenous vein. 
Wound complication rates are shown in Fig. 1. A 
total number of 16 (34%) wound complication 
occurred in the closed group compared to 36 (72%) in 
the open group (p < 0.001). Superficial wound compli- 
cations (grade 1) occurred in seven patients (15%) in 
the "closed" and 18 patients (36%) in the "open" 
group. Deep wound complications (grade 2) occurred 
in six patients (13%) of the "closed" group, compared 
to 15 (30%) in the "open" group (p < 0.05). In both 
groups three patients (6%) developed eep wound 
complications reaching to the bypass (grade 3). 
Wound complication localisations are shown in Table 
3. In this study no influence of "redo" procedures or 
diabetes could be detected on wound complication 
rates. 
In one centre morbidity was evaluated by looking at 
wound healing time. In 47 patients (23 "closed" and 24 
"open" in situ bypasses) a mean wound healing time 
of 18 days in the "closed" group and 42 days in the 
"open" group was seen (p < 0.001). Mean hospital stay 
was 20 (S.D. 13) days for the "closed" group and 24 
(S.D. 13) days for the "open" group. 
Open side branches or arteriovenous fi tulae (AVF) 
were detected with colour Duplex in 27 (56%) patients 
receiving a "closed" in situ bypass. In 20 (42%) of these 
patients AVF were ligated or embolised in a second 
procedure, because skin symptoms occurred or bypass 
patency was considered to be threatened by the AVF. 
In the "open" group AVF were detected in four 
patients (8%) and treated. 
Patency rates (S.D. < 10%) are shown in Figs 2 and 3. 
In four (8%) patients in the "closed" group and 9 (18%) 
patients in the "open" group early bypass occlusions 
occurred within 1 month of the operation. The 1 year 
primary patency rate was 65% in the "closed" group 
and 61% (N.S.) in the "open" group. The 1-year 
primary assisted patency was 76% and 68% and the 
1-year secondary patency was 86% and 76% (N.S.) for 
the "closed" and "open" group respectively. Nine 
major amputations had to be performed within i year, 
four (8%) in the "closed" group and five (10%) in the 
"open" group. 
Discussion 
The in situ bypass technique is the preferred method 
100 
~p < 0.001 
80 72% 
60 
40 
20 
All Grade 1 Grade 2 Grade 3 
Fig. 1. Wound complication rates. (B) "closed" (n = 47); ([~) "open" 
(n = 50). 
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Table 3. Wound complication locations 
"Closed" (n = 47) "Open" (n = 50) 
I II III 1 II III 
Groin 3 1 1 5 7 0 
Upper leg 2 1 1 5 6 1 
Lower leg 0 0 0 6 7 1 
Distal anastomosis ite 3 5 1 6 4 1 
for arterial reconstruction when the distal anastomosis 
is below the knee level in many clinics. The major 
disadvantage of the "open" in situ bypass technique, 
exposing the entire vein via one long skin incision, is 
the high incidence of wound complications. We found 
an overall wound complication i cidence of 34% in 
the "closed" group compared to 72% in the "open" 
group: a statistically significant difference. The four 
patients in the "closed" group with a wound compli- 
cation in the upper leg (Table 3) developed this 
complication at the site of the skin incision for the 
postoperative treatment of a residual AVE A possible 
problem, caused by the catheter manipulations, could 
be an increased incidence of groin wound complica- 
tions in the "closed" group. As shown in Table 3, this 
was not the case. 
To minimise a potential observer bias, with regard 
to reporting wound complications, we asked infection 
control nurses from the Department of Hygiene and 
Infection Control in each participating centre, to 
perform the wound inspections and to score the 
severity of infections. 
Our wound complication rate of 34% and 72% 
respectively seems rather high compared to complica- 
tion rates reported in literature (Schwartz et al.S: 33%; 
Reifsnyder et al.Z: 44%; Johnson et al.6: 33%). However, 
it has been shown that wound complication rates tend 
to be underestimated if surgeons report their own 
complications. 4 This is especially true for retrospective 
studies, due to the inherent lack of reliable informa- 
tion. All above mentioned studies were retrospective. 
We consider the high incidence of wound complica- 
tions observed in our patients to be a reflection of the 
prospective nature of this study which focused on 
objective reporting of wound complications. 
In our series, the reduction in wound complication 
rates did not result in a significant reduction of 
hospital stay. The other factors influencing hospital 
sta~ like reinterventions, medical problems beside the 
vascular disease (diabetes), rehabilitation i  the hospi- 
tal and social factors probably masked the benefit of 
the reduction of wound complications. The results in a 
subgroup showing a significant reduction in wound 
healing time in the "closed" group indicates a 
decreased need for outpatient wound care. 
Our technique of peroperative coil embolisation 
under fluoroscopic ontrol can be compared with the 
electronically steerable nitinol catheter system 
described by Rosenthal et aI. 7 and Cikrit et al. 8 Cikrit et 
al. used the electronically steerable nitinol catheter 
first under angioscopic and fluoroscopic ontrol, and 
later under fluoroscopic ontrol only. Their catheter 
seems very elegant, especially for catheterisation f 
100% 
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0% 
. . . . . . . . . . . .  I . . . . .  7 
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t . . . . . . . . . . . . . . . . . . . . . . . .  
26 19 14 
31 18 11 
3 6 9 
Follow-up (months) 
8 
I 
12 
Fig. 2. Primary patency. Numbers of grafts at risk at each time interval re shown below the lines. (--) "closed" (n = 47); (- - -) "open" 
(n = 50). 
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difficult, sharp angled side branches. However, they 
also needed an extra skin incision in several patients 
(27%) to ligate a side branch. In experienced hands, 
the co-axial catheter that we used enables catheterisa- 
tion of almost all difficult angled side branches. In our 
series a small vein diameter was the main cause of 
failure to embolise side branches. This observation has 
led us to conclude that a small vein diameter ( < 3 ram) 
is a contraindication for a "closed" in situ bypass 
procedure. Patients with a small diameter vein could 
be preoperatively selected by ultrasound 
examination. 
In the "closed" group of our series the average 
number of peroperatively coil-embolised side 
branches was six per patient. Cikret et aI. s described 
their experience in a group of 30 patients with a 
comparable "closed" in situ bypass technique. They 
coil embolised an average of 3-4 side branches per 
limb. This number seems comparable with our experi- 
ence. LeMaitre 9states that he has never clipped more 
than six side branches with a "semi-dosed" 
technique. 
The time loss caused by the embolisation technique 
can be minimal if the operating team and the 
fluoroscopy technician are familiar with the technique. 
Time loss caused by the embolisation procedure was 
not recorded in the protocol of this study. However, 
one centre did record the time loss due to the 
embolisation procedure and found the mean operat- 
ing time to be 25 rain longer for the "closed" 
procedure compared to the "open" procedure. 
In our series, 42% of the patients receiving a 
"closed" in situ bypass were treated in the early 
postoperative period for AVE We believe that by 
gaining experience in the embolisation technique and 
by using optimal fluoroscopy equipment, the fre- 
quency of reinterventions needed for AVF can be 
reduced, but perhaps not to a level comparable with 
the "open" technique. Chang et al. 1° have shown that 
in the majority of patients AVFs do not affect distal 
bypass flow and patency. A conservative approach to 
these fistulae is therefore justifiable. Partly because of 
a lack of generally accepted treatment criteria, we 
probably unnecessarily treated too many residual 
AVFs especially in the early phase of the trial. In the 
series of Cikrit et al. s 39% of the patients underwent a
re-intervention for treatment of AVF. 
The ultimate criterium to judge the value of a new 
or modified surgical technique for bypass surgery is 
undoubtedly the long-term patency rate. The follow- 
up on our series of patients only allows the calculation 
of 1-year patency rates (s.D. < 10%). At i year we found 
no statistically significant difference in patency 
between the "closed" and the "open" technique. We 
feel that this suggests that the extra catheter manipula- 
tion, which is necessary to perform the "dosed" 
technique, does not result in a reduced patency rate. 
Therefore we conclude that the "closed" technique for 
in situ femorodistal bypasses leads to a significant 
reduction in wound complications without a negative 
effect on graft performance, although a disadvantage 
of the "closed" technique is the increased need for 
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Fig. 3. Secondary patency. Numbers of grafts at risk at each time interval are shown below the lines. (--) "closed" (n = 47); (- - -) "open" 
(n = 50). 
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t reatment  of res idua l  AVFs compared  to the "open"  
technique.  As the "c losed" technique is in l ine wi th  the 
genera l  t rend towards  "less invas ive"  surger~ we 
cons ider  the "c losed" bypass  procedure  to be a 
wor thwhi le  acquis i t ion for the vascu lar  surgeon.  This 
op in ion  wi l l  have to be cor roborated  by  longer  fo l low- 
up  and  other prospect ive  studies.  
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